Mindfulness in medicine and psychology
======================================

Interest in mindfulness has increased exponentially in recent decades in academic and clinical contexts (Dimidjian and Kleiber, [@B17]). The psychological construct of mindfulness refers to an awareness that emerges by intentionally paying attention to the present experience in a non-judgmental way (Kabat-Zinn, [@B32]). In other words, a "mindful" mind brings together attentional and attitudinal features at the same time, self-regulating attention toward present-moment direct experiences and attitude in a non-judgmental tone toward internal and external phenomena (physical, affective and behavioral).

This particular quality of non-evaluative awareness can improve one\'s physical and psychological health status, and therefore several approaches generally called "mindfulness-based interventions" (MBIs) have been developed and tested in the last 40 years (Cullen, [@B15]). Evidence about their efficacy and effectiveness in improving mindfulness and health is rapidly accumulating (Khoury et al., [@B34]).

MBIs, e.g., "Mindfulness-based Stress Reduction" (MBSR) and "Mindfulness-based Cognitive Therapy" (MBCT), are generally 8-weeks group-based interventions that mix mindfulness practices (mostly derived from ancient eastern meditative techniques) with contemporary cognitive and behavioral approaches to improve one\'s mindfulness levels and capabilities to adaptively manage stressful life events (Cullen, [@B15]). Moreover, MBIs have been successfully applied as preventive and adjuvant therapies in patients with depression, anxiety, chronic pain, cardiovascular disorders, cancer, and other non-communicable diseases (Bonadonna, [@B4]; Edelman et al., [@B19]; Kuyken et al., [@B37]; Fortney and Taylor, [@B21]; Khoury et al., [@B34]). In addition, MBIs have been adapted to special targeted population (Carson et al., [@B12]; Duncan and Bardacke, [@B18]; Cullen, [@B15]), including the sports psychology field, in this case aiming to improve athletes\' psychological well-being and to enhance their performance (Gardner and Moore, [@B24]).

It has been suggested that MBIs result in improvements in autonomic and central nervous systems regulation, attention control, emotional and behavioral self-awareness and regulation, self-compassion, resilience, dispositional flow, and body awareness, and these mechanisms may account for their efficacy (for reviews about mindfulness mechanisms see Hölzel et al., [@B30]; Gardner and Moore, [@B24]).

Mindfulness: trait and state
============================

Several questionnaires and scales to measure mindfulness trait or state have been developed in the last two decades (Park et al., [@B48]), which allow systematic investigation in this field. It has been observed that to some degree the particular type of awareness associated to mindfulness may be innate (Garland et al., [@B26]).

Trait or dispositional mindfulness (DM), the tendency to be more mindful in daily life (Garland et al., [@B26]), seems to be a sum of individual genetics and life experiences, and DM is not necessarily related to having participated in an MBI or practicing meditative exercises. DM can be measured by scales addressing mindfulness trait, e.g., the Mindful Attention Awareness Scale (MAAS) (Brown and Ryan, [@B11]) and the Five Facets Mindfulness Questionnaire (FFMQ) (Bohlmeijer et al., [@B3]), and it has been significantly related to several indicators of psychological and physical health including: higher levels of positive affect, improvement in personal stress management skills, and in adaptive emotional regulation (Hayes-Skelton and Graham, [@B29]; Khoury et al., [@B34]; Garcia-Campayo et al., [@B23]).

As expected, DM can be also modulated by participating in MBIs and practicing specific mindfulness techniques such as several types of meditative practices (Garland et al., [@B25]; Park et al., [@B48]). These interventions can induce transient increases in the mindfulness state, and may promote long-term improvements in DM if applied in a regular basis (Soler et al., [@B54]). The "mindfulness state," i.e., mindfulness addressed as a statelike mental behavior, which is context-dependent, transient and variable, is also measureable, and few scales have been developed for this purpose (Tanay and Bernstein, [@B59]).

Mindfulness and cardiovascular responses to stress
==================================================

Chronic stress is a well-known risk factor for cardiovascular diseases (CVD). Physical and psychological stressors can provoke non-adaptive stress-induced cardiovascular responses marked by dysfunctional cortisol and catecholamine releasing, systemic inflammation, oxidative stress, and unbalanced autonomic nervous system, leading to endothelial dysfunction, increased blood pressure, among others factors, which chronically may induce hypertension and CVD (Koolhaas et al., [@B35]; Huang et al., [@B31]; Stoner et al., [@B57]). Current evidence suggests that MBIs may buffer responses to stressors by mechanisms direct or indirectly related to these biomarkers of non-adaptive cardiovascular responses to stress.

A recent study showed that an MBSR program (the original program that have influenced subsequent types of MBIs) had a favorable influence both on biomarkers of stress regulation, such as cortisol secretion and sleep (Brand et al., [@B5]). In this regard, stress-sleep connection may be an important mechanism influencing responses to stress (Demarzo and Stein, [@B16]). In the same direction, another study showed that an MBI resulted in increases in both objectively- and subjectively-measured sleep continuity in patients using anti-depressant medication (Britton et al., [@B8]).

MBIs and other behavioral interventions designed to reduce emotional reactivity may be of therapeutic benefit in chronic inflammatory conditions (Rosenkranz et al., [@B51]). Even a brief mindfulness intervention in the workplace may be an effective and probably cost-effective way to reduce systemic inflammation (Malarkey et al., [@B39]). MBSR has also shown promise as a novel treatment approach for reducing loneliness-related pro-inflammatory gene expression in older adults (Creswell et al., [@B14]). Moreover, analysis of oxidative stress levels in people who meditate indicated that meditation correlates with lower oxidative stress and higher melatonin levels, a well-known antioxidant agent (Martarelli et al., [@B41]).

Another mechanism that may link mindfulness to cardiovascular responses to stress is influencing on the autonomic nervous system, the body\'s most primitive and automatic regulator of the stress responses (Thayer et al., [@B60]). One way to measure the functioning of the autonomic nervous system is to analyze heart rate variability (HRV). It is well-known that depressed HRV, suggesting a lack of flexibility of autonomic control, has been linked to stress factors (Thayer et al., [@B60]). Recent studies have shown the potential of mindfulness practices to improve HRV, e.g., increasing the parasympathetic tone (Peressutti et al., [@B49]; Libby et al., [@B38]; Krygier et al., [@B36]).

Furthermore, it was observed in a recent study that MBSR helped reduce blood pressure levels and blood pressure reactivity to stress among healthy community-dwelling individuals reporting elevated stress levels (Nyklíček et al., [@B46]). In addition, Prakhinkit et al. ([@B50]) observed in a randomized controlled study that both walking meditation (a key mindfulness practice in MBIs) and traditional walking exercise may improve endothelium-dependent vasodilation in elderly with depressive symptoms (Prakhinkit et al., [@B50]).

Moreover, MBIs may improve both the cardiovascular response to stressors and provide a complementary approach for the prevention and treatment of CVD. A large study showed that a multidimensional intervention based on mindfulness and other integrative medicine principles reduced the 10-year risk of coronary heart disease (CHD) for outpatients with 1 or more known cardiovascular risk factors when compared to usual care, although the effect of the specific components of the intervention were not tested separately (Edelman et al., [@B19]). Furthermore, a MBSR program may reduce characteristics of the distressed personality ('Type D), and this effect seems to be mediated by increase in self-reported mindfulness (Nyklíček et al., [@B47]). The "Type D" personality is characterized by a combination of negative affectivity and social inhibition, and has been associated with adverse health outcomes, including CVD (Nyklíček et al., [@B47]).

Hypothesis rationale
====================

Together with sitting and lying meditation practices, mindfulness exercises such as "mindful walking" and "mindful movements" are key elements in MBIs and couple muscular activity with an internally directed focus (Kabat-Zinn, [@B33]), improving interoceptive attention to bodily sensations (Ospina et al., [@B47a]; Posadzki and Jacques, [@B49a]; Farb et al., [@B20]; Gryffin and Chen, [@B28a]; Hagins et al., [@B28b]). This may suggest that a regular physical activity made with internal focus may also improve one\'s mindfulness levels (Tsang et al., [@B61]).

In addition, as shown in the previous section, MBIs may buffer cardiovascular responses to stress probably sharing similar mechanisms by which physical fitness (PF) influence these responses (Huang et al., [@B31]; Stults-Kolehmainen, [@B58]). Figure [1](#F1){ref-type="fig"} schematically represents potential physiological mechanisms shared by physical activity and mindfulness by which they may attenuate cardiovascular responses to stress (Huang et al., [@B31]).

![**Potential physiological mechanisms shared by physical activity and mindfulness by which they may attenuate cardiovascular responses to stress (the solid line indicates an activation of the indicated factor and the dashed line represents the attenuation of the indicated factors)**. Adapted from Huang et al. ([@B31]). HRV: heart rate variability. BP: blood pressure. CVD: cardiovascular disease.](fphys-05-00105-g0001){#F1}

Based on these facts, it is feasible to raise the question of whether physical training itself may induce the development of that particular quality of awareness associated with mindfulness (mindfulness as a mediator variable), or if one\'s DM could moderate the effects of exercise on cardiovascular response to stress. Until now, there has been a lack of information in scientific literature regarding the role of mindfulness as a mediator or moderator of effects of exercise training on stress and health in general, and on cardiovascular responses to stress in particular. Thus, in this study we aimed to develop the hypothesis that mindfulness influences the effects of PF on cardiovascular responses to stress by both moderating or mediating these effects, and discussed potential practical ways to test these hypotheses.

Mindfulness as a moderator of the effects of exercise on cardiovascular response to stress
==========================================================================================

As represented in the Figure [2](#F2){ref-type="fig"} (line "C"), our first hypothesis is that DM acts as a moderator in the association between PF (independent variable) and cardiovascular responses to stress (dependent variable), by altering the strength of the association. By considering both PF and DM as continuous variables (Baron and Kenny, [@B1]), probably the moderation occurs in a linear direction (the more DM, the more improvement on dysfunctional stress-induced cardiovascular reactivity caused by PF). Thus, we may theorize that exercise training affects differently people with higher or lower DM.

![**Schematic representation of the moderator hypothesis: mindfulness as moderator of the physical fitness effects on cardiovascular responses to stress**. Adapted from Baron and Kenny ([@B1]). PF: physical fitness. DM: dispositional mindfulness. CRS: cardiovascular responses to stress.](fphys-05-00105-g0002){#F2}

Although there is no published data about this potential moderator role of DM, it is feasible to speculate on it as mindfulness may be seen as an "independent variable" (see Figure [2](#F2){ref-type="fig"}, line "B") in the relationship with the "dependent variable" cardiovascular response to stress, an important pre-requisite to be considered as a moderator factor (Baron and Kenny, [@B1]). In addition, it has been suggested that sex, obesity levels, and individual\'s perception of control over a situation may be moderators of the effects of PF (Huang et al., [@B31]), and so DM could be another factor to be taken in account in future studies. Moreover, it is interesting to note that some authors have discussed the idea that only less stressed people could benefit from exercise effects (Stults-Kolehmainen, [@B58]), and so DM could be a potential confounder factor in this phenomena, as it is well-known that DM is related to less perceived stress and stress-induced biomarkers (Ciesla et al., [@B13]; Murphy et al., [@B44]).

In addition, recent findings have identified variables potentially associated with DM that may be confounding variables for the effects of PF on cardiovascular responses to stress. Lower or higher DM may mean lower or higher levels of psychological well-being, healthy behaviors, adherence to an exercise program, emotional reactivity, social anxiety, and co-morbidity, and so may alter the strength of the association between exercise training and cardiovascular responses to stress (Ulmer et al., [@B62]; Bränström et al., [@B6]; Salmoirago-Blotcher et al., [@B52]; Ciesla et al., [@B13]; Brown et al., [@B10]; Garcia et al., [@B22]). It matters mainly if investigators are not using a randomized controlled design to study that association. Even in this case, stratified randomization for DM may be of interest in order to prevent this potential bias.

In order to test the hypothesis that DM is a moderator of the effects of PF on cardiovascular responses to stress, an investigator should address this fundamental research question: does an exercise-training program produce more benefits for people with higher levels of DM but fewer for those with lower levels? If it was the case, it would be expected to find an interaction as hypothesized in Figure [3](#F3){ref-type="fig"}, where is shown potential additive or synergistic effects between PF and DM. To test such a question, the investigator should pre-specify DM as a moderator variable of interest before the intervention is delivered, and should observe whether DM influences the strength of the association between the exercise training intervention and outcomes related to cardiovascular responses to stress. In other words, to test whether the causal relation between PF and cardiovascular responses to stress changes as a function of DM (Baron and Kenny, [@B1]). In statistical terms, the slope of the interaction between DM and the exercise-training program improving PF, in a multivariate regression model, should be significant.

![**Dispositional mindfulness (DM) as moderator of the physical fitness effects on cardiovascular responses to stress**.](fphys-05-00105-g0003){#F3}

Mindfulness as a mediator of the effects of exercise on cardiovascular response to stress
=========================================================================================

Our second hypothesis is that mindfulness may be useful to understand the processes through which PF influences changes in cardiovascular responses to stress (i.e., mindfulness as a mediator mechanism of PF effects). In this case, rather than hypothesizing a direct causal relationship between the exercise training and outcomes, our mediational model hypothesizes that exercise training causes changes on mindfulness levels, which in turn helps to account for outcomes related to cardiovascular responses to stress (Figure [4](#F4){ref-type="fig"}, lines "B" plus "C").

![**Schematic representation of the mediator hypothesis: mindfulness as mediator (A + B) of the physical fitness effects on cardiovascular responses to stress**. Adapted from Baron and Kenny ([@B1]). PF: physical fitness. DM: dispositional mindfulness. CRS: cardiovascular responses to stress.](fphys-05-00105-g0004){#F4}

Two recent studies give support to this mediational hypothesis. Goldin and colleagues (Goldin et al., [@B27]) using a randomized controlled design observed, among other findings, that both MBI and an 8-week aerobic exercise (AE) program were with reductions in self-reported negative emotional reactivity to negative self-beliefs. Although it was not their primary outcome, interestingly, they also observed that AE increased participants\' mindfulness levels measured by the Kentucky Inventory of Mindfulness Skills (Baum et al., [@B2]). This increase was statistically significant but less intense than that induced by the MBI, although there were no significant differences between groups in pre-to-post change (Goldin et al., [@B27]). Another study, led by Zgierska et al. ([@B63]), interestingly showed that increases in DM measured by MAAS seems to be a better predictor than exercise intensity in preventing cold illness severity when comparing a MBI to an AE program to prevent acute respiratory infection, using a randomized controlled design (Zgierska et al., [@B63]). Together, these findings suggest that a "classical" AE program also has the potential to promote mindful awareness, and the hypothesis that mindfulness is a mediator of the exercise training on cardiovascular responses to stress may be feasible.

A potential mechanism that could explain this finding is that during and just after (recovery period) a physical exercise, mainly of moderate to vigorous intensity, it is common the awareness of our present moment body sensations such as our breathing rhythm, body temperature, or some kind of body transient momentary discomfort, or even some changing in our internal affective state. Such a combination may enhance one\'s acute mindfulness state, and chronically one\'s DM. This has resemblance with the cross-stressor adaptation hypothesis that postulates that there is not only a direct adaptation to the exercise load but also a transfer to everyday life stress situations (Sothmann et al., [@B55]).

To confirm the mediational hypothesis presented herein, an investigator should test whether an exercise program produces the observed outcomes in cardiovascular responses to stress partially via changes in mindfulness levels (mediator variable). In general, to test mediation hypotheses, it is common to use statistical methods such as regression analysis in order to verify whether both the intervention (exercise program) and the outcome (cardiovascular responses to stress) covary as expected with the hypothesized mediating variable (mindfulness levels), and whether controlling for mindfulness levels explains part of the exercise program effects (Baron and Kenny, [@B1]). In other words, it is necessary to demonstrate that the relationship between the exercise program and the cardiovascular responses to stress is significantly lower when the mindfulness level is included in the equation. Using the representation in Figure [4](#F4){ref-type="fig"}, when paths "A" and "B" are controlled, a previously significant relation between the independent (PF) and dependent variable (cardiovascular responses to stress) is less or no longer significant (Baron and Kenny, [@B1]).

Mindfulness as both a moderator and mediator of the effects of exercise on cardiovascular response to stress
============================================================================================================

Our third hypothesis is a combined model with mindfulness having both mediator and moderator status (Figure [5](#F5){ref-type="fig"}). Baron and Kenny coined the term "mediated moderation" for this potential kind of relation among variables (Baron and Kenny, [@B1]). In Figure [5](#F5){ref-type="fig"}, mediated moderation would be indicated by "PF × DM1" affecting "CRS" in line "D," and "PF × DM1" affecting "DM2" and "DM2" affecting "CRS" in lines "D" plus "B". So it is possible for "DM2" (post-intervention DM) to mediate both the effect of PF on cardiovascular responses to stress, and the effect of "PF × DM1" (pre-intervention DM moderating PF) on that outcome.

![**Schematic representation of the general hypothesis: mindfulness as both moderator and mediator of the physical fitness effects on cardiovascular responses to stress ("D" represents "mediated moderation")**. Adapted from Baron and Kenny ([@B1]). PF: physical fitness. DM: dispositional mindfulness. CRS: cardiovascular responses to stress. DM 1: DM pre-intervention. DM 2: DM post-intervention.](fphys-05-00105-g0005){#F5}

It may be explained by the fact that pre-intervention DM levels (DM1) may differentially affect post-intervention DM (DM2) induced by PF ("mediated moderation"). In other words, one\'s pre-intervention DM moderates the effects of PF on post-intervention DM (DM2) levels, and then DM2 mediates the effects of PF on cardiovascular responses to stress (dependent variable). Once more, there is no direct evidence about this hypothesis, but it has been suggested that individuals with higher pre-intervention DM have greater benefits (e.g., higher post-intervention DM) from participating in a MBI (Shapiro et al., [@B53]), and the same process may occur regarding the effects of an exercise intervention. To test this hypothetical model, researchers might use modeling of covariance structures.

Implications for future studies
===============================

Based on our hypotheses, some further studies could be performed. One possibility would be to compare results from AE programs done with additional mindfulness training to usual training (non-mindful component) using the mediational hypothesis analysis. Another study, maybe the most innovative type, would be to compare an exercise session performed with additional instruction to enhance mindfulness, i.e., with full attention to movements and bodily sensations, to a usual training session without this kind of instruction. This last possibility was also suggested by Stults-Kolehmainen ([@B58], p. 3). In this same study, another possibility for control group would be individuals that intentionally do not stay aware of the exercise, as it has been suggested that multitasking during exercise results in less beneficial stress adaptations (Breus and O\'Connor, [@B7]).

With regard to this last potential study, there are few well-designed studies that have already compared mindful modes of exercise to non-mindful ones but not specifically related to cardiovascular responses to stress (Netz and Lidor, [@B45]; Tsang et al., [@B61]). Although an initial study had ambiguous results (Brown et al., [@B9]), one interesting study examined the effect of a single session of mindful exercise on mood. The intervention compared four physical exercise modes: yoga, the Feldenkrais technique (awareness through movement), aerobic dance, and swimming, with a cognitive exercise delivered by computer lessons serving as control. Measures of mood improved following Feldenkrais, swimming, and yoga, but did not improve following aerobic dance and computer lessons (Netz and Lidor, [@B45]), supporting the idea that mindful exercise may have additional benefits compared to non-mindful modes of exercises.

In addition, future studies should examine some competing theories as alternatives to our hypotheses. One possibility is that higher scores in DM could help persons to better perform or tolerate exercise training (e.g., through better training psychological and physiological adaptation), consequently improving adherence and compliance to exercise protocols. Another competing argument would be that exercise training might not result in an increase in DM, but that exercise training could improve certain factors such as perceived stress (Starkweather, [@B56]) which are also improved by the practice of mindfulness, and so both would have positive effects, but exercise would not necessarily lead to improvements in DM.

As expected, our theoretical model has limitations. A main limitation is that scales and questionnaires to measure mindfulness are still object of scientific debate, and some authors have argued that they lack construct validity in measuring the complexity of mindfulness (Grossman et al., [@B28]; Park et al., [@B48]). In this way, future situational measurements of mindfulness (Mitchell et al., [@B42]) could be more effective to support or reject our hypotheses. Another main limitation is that mindfulness seems to be a multidimensional construct (Grossman et al., [@B28]; Park et al., [@B48]) and we have not addressed this fact herein in order to simplify the model. In this direction, further research should address the differential moderator and mediator roles of these mindfulness sub-dimensions, e.g., those addressed by the FFMQ ("observing," "describing," "acting with awareness," "non-judging of inner experience," and "non-reactivity to inner experience") (Bohlmeijer et al., [@B3]).

Conclusion {#s1}
==========

In conclusion, we have developed the hypothesis that mindfulness may both moderate and mediate the effects of PF on cardiovascular response to stress. This innovative structural model may oxygenate the debate in this research field and help researchers better understand the effects of PF on cardiovascular responses to stress. In addition, general research on both fields of exercise and mindfulness may benefit from this kind of theoretical approach as well.

Conceivably, a "mindful" exercise may provide benefits that are not available in "non-mindful" regular exercise or in opposition to situations where exercise is performed in a multitasking context (Breus and O\'Connor, [@B7]). If so, a mixture of aerobic or resistance physical training with mindfulness would have the potential to improve cardiovascular response to stress in a more effective direction.

Based on these feasible hypotheses, exercise researchers should consider mindfulness in their future research protocols in order to address questions such as whether a higher DM is associated with better health outcomes in an exercise protocol, or if a mindfulness training session mixed into an exercise program could improve health and physical performance among patients, general population, and athletes.

Author contributions
====================

Marcelo M. P. Demarzo presented the initial concept of the hypothesis, drafted the first version, and organized subsequent versions until the final format of the manuscript. Jesús Montero-Marin, Phyllis K. Stein, Ausiàs Cebolla, Jaime G. Provinciale, and Javier García-Campayo contributed to the development and improvement of the hypothesis and manuscript until their final version.

Conflict of interest statement
------------------------------

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Marcelo M. P. Demarzo is grateful to the CNPq - Brazilian National Council for Research and Technology Development - for a postdoctoral fellowship under supervision of Professor Javier García-Campayo ("Science without Borders Program"). The authors would like to thank the reviewers for the constructive environment for debating hypotheses and concepts presented herein, which effectively allowed the manuscript\'s development and improvement.

[^1]: Edited by: Daniel Boullosa, Universidade Católica de Brasília, Brazil

[^2]: Reviewed by: Laurinda Abreu, Independent Researcher, Spain; Matthew A. Stults-Kolehmainen, Yale University Medical School, USA

[^3]: This article was submitted to Clinical and Translational Physiology, a section of the journal Frontiers in Physiology.
